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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCHMlZMORANDU9 

AERODYNAMIC CHARACTERISTICS OF MISSILE CONFIGURATIONS WITH 

WINGS OF IOW ASPECT RATIO FOR VARIOUS COMBINATIONS OF 

FQREE33DIES,AFTERB)DIES,ANDNCSE SHAPESFOR 

COMBINED ANGLES OF ATTACK AND SIDESLIP 

AT A MACH NLbXBER OF 2.01 

By Ross B. Robinson 

An investigation has been made in the Langley 4- by b-foot super- 
sonic pressure tunnel to determine the aerodynamic characteristics of a 
series of missile configurations having low-aspect-ratio wings at a Mach 
number of 2.01. The effects of wing plan form snd size, length4ismeter 
ratio, forebody and afterbody length, boattailed and flared afterbodies, 
snd various nose shapes were determined. Six-component force and mane& 
data sre presented for cabined angles of attack and sideslip to about 
28O. No analysis of the data has been made in this report. 

A problem of increasing importance in missile design is the effi- 
cient utilization of internal stowage space in aircraft. The use of 
low-aspect-ratio lifting surfaces with small span-diameter ratios would 
result in more compact missiles occupying materially less volume thsn 
the same nmber of configurations with large-span lifting surfaces. 

Another problem of missfle design is the maneuverability required 
by the limited scanning angles of the missile seeking equipment. The 
missile should be capable of lsrge attitude ChSDgeB with minimum control 
deflections. A configuration with nonlinear lift and pitching-mane& 
vsriations such that the values of static margin and lift-curve slope 
are low nesr zero angle of attack would satisfy this requirement. 
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Scxne previous investigations have presented a limited amount of l 

information on missiles having low-span wings. The results of an inves- e 
tigation of monowing strips of span-diameter ratios f'rcxn 1.19 to 2.01 
on a body of revolution at a Mach nunber of 1.41 sre presented in refer- 

* ence 1. The aerodynamic characteristics in pitch for Mach numbers frcnn 
1.97 to 3.33 of a series of missile configurations having low-aspect- 
ratio monowings and various types of controls are given in references 2 
and 3. 

This report contains the results of an investigation of a series 
of missile configurations having various length-diameter ratios, wing 
plan forms, nose shapes, and forebody an3 afterbody arrsngements at a 
Mach number of 2.01 in the Langley 4- by b-foot supersonic pressure 
tunnel. Six-component force snd moment data were obtained for combined 
angles of attack and sideslip to about 28O. No analysis of the data 
has been made in this report. 

SYMIBLS 

The data are presented as coefficients of forces and mcanents with 
the center of mcanents at the leading edge of the exposed root chord of 
the wing. All the data are referred to the body-axis system (fig. 1). 

CN normal-force coefficient, J- 
SS 

axial-force coefficient, & 
ss 

cm pitching-mcpnent coefficient, MY 
ssd 

C2 rolling-manent coefficient, 
& 

cn yawing-mcPnent coefficient, EQZ 
ssa 

CY side-force coefficient,. Y 
ss 

N normal force 

. 
, 

A axial force 
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Y side force 

MY pitching mcxnent 

3 

MX roll&g mane& 

MZ yawing mcanent 

d diameter of cylindrical section of body, 3.00 in. 

S cross-sectional area of cylindrical portion of body, 
0.0491 sq ft 

9 

a 

dynsmic pressure 

angle of attack of model center line, deg 

B angle of sideslip of model center line, deg 

86 deflection angle of spoiler, perpendiCul.ar to hinge line, 
positive when trailing edge deflected upward, deg 

X longitudinai distance of mcxnent center reward of nose 
of body 

lengthofbody 

position of mcpnent center resxwsz d of nose 

length-diameter ratio of body 

Model components (see fig. 2): 

Forebodies (figs. 2(b) and 2(c)): 

Fl, F7, F8, Fg ogive-cylinders 
portion (fig. 

with varying lengths of cylindrical 
2(b)) 

F2 

F3 

F5 

F4 

F6 

flat-face cylinder with tripod tip 

F2 with wire mesh on tripod 

mdified ogive-cylinder with hem1spherics.J. nose 

F5 with 3-inch spike 

F5 with slotted cone fairing 
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Afterbodies (fig. 2(d)): 

A0 
Al3 A2 

no sfterbody 

cylindrical afterbodies 

NACAFM L57D19 

A39 A4J As boattailed afterbodies 

A69 A7,, A8 flared afterbodies 

wings (fig. 2(f)): 

WO wing off 

WI, w2, w3 delta wings. 

w4, w5, W6 rectangular wings 

MODELANDAPPARATUS 

Sketches of a typical ccxnplete model and of the model components 
ewe shown in figure 2. The gecxnetric characteristics of the vsrious 
components and combinations of forebodies, 

Values of x/2 and 
wings, and afterbodies are 

given in table I. 2/d for all the- bodies sre 
also given in table I. The models used in this investigation are shown 
in figure 3. 

The vsrious configurations were obtained by attaching combinations 
of forebodies, afterbodies, and wings to a cylindrical section W. having 
a diameter of 3.00 inches (this diameter is hereinafter referred to as 
1 caliber in calculatirg body lengths) housing the internal strain-gage 
balance (fig. 2(f)). 

The basic forebodies investigated were a series of 3.5-caliber ogive- 
cylinders with vsrying lengths of cylindrical section (fig. 2(b) . In 
addition, a 3.5-csliber ogive with a rounded nose (F5, fig. 2(c) to which 
a slotted cage (F6, 

1 
fig. 2(c)) or a 3-inch spike could be attached (FJ+, 

fii3. W), and a flat-face cylinder with a tripod, with and without a 
wire mesh around the tripod (F2 and 3, fig. 2(c)) were tested. The 
3-inch spike was selected as a result of tests at a Mach number of 1.61 
of a similar configuration (refs. 4 and 5) which indicated this spike 
length to be optimum for minimum drag at small angles of attack. 
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The afterbodies, shown in figure 2(d), consisted of the following 
configurations: AC, no afterbody; Al, a l-caliber cylinder; A2, a 
2-caliber cylinder; A3, a l-caliber 6.500 boattail; A4, a l-caliber 
6.500 boattail attached to a l-caliber cylinder; As, a 2-caliber 
3.25' boattail; As, a l-caliber 6.500 flare; 

4/ 
, a l-caliber 6.500 flare 

attached to a l-caliber cylinder; and As, a 2-caliber 3.25O flare. 

Cruciform wings were mounted in slots in the balance housing. 
Three rectangular-wing snd three delta-wing configurations were tested 
(fig. 2(f) and table 1). The wings were so designed that the exposed 
areas of the medim and large wings of each series were two and four 
times, respectively, those of the small wings. Areas of corresponding 
wings in each series were equal; for example, the exposed area of the 
large rectangulsr wing was equal to that of the lerge delta w%ng. 

Two spoilers, one for each horizontal wing panel, were provided 
for the large delta wing (fig. 2(g)). Deflections of 45O and 930 were 
obtained by facing either the oblique or the perpendicular face of the 
spoiler forward. The length of each spoiler was 3.094 inches and the 
width of each spoiler was 0.625 inch. The height of each spoiler was 
0.625 inch. 

The models were mounted on a rotary sting to permit testing through 
ranges of combined angles of attack end sideslip. Six-ccmponent force 
and moment data were measured by an internal strain-gage balance. Ease 
pressues were measured with a single tube well. inside the model. A 
cylindrical wooden block approximately the same size as the base of the 
model and 1 inch long was attached to the sting about l/8 inch behind 
the model base. 

TESTS, CORRRCTIONS AND ACCURACY 

Test Conditions 

The tests were made at a Mach number of 2.01, a stagnation tempera- 
ture of 100° F, and a stagnation pressure of 1,440 pounds per squsre foot 
absolute. Ihe Reynolds number, based on the maximum diameter, was 
0.62 x106 (2.47 x 106 based on a length of 1 foot). Stsgnation dewpoints 
of -25O or below were maintained to eliminate condensation effects. The 
angle-of-attack range for pitch tests was from -4O to about 28O at zero 
sideslip, and the angle-of-sideslip range was from -4O to a maximum of 
about 28O at angles of attack of about O", 4.1°, 8.20, 12.3O, 16.40, 
2o-5o, and 24.7O . 

. 
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Corrections and Accuracy 

The angles of attack and sideslip were corrected for the deflection 
of the balance and sting under load. The Mach number variation was 
about kO.015 and the flow-angle variation in the vertical and horizontal 
planes did not exceed 40.1°. No corrections have been applied to the 
data to account for these variations. 

The axial-force data were adjusted to a base pressure equal to free- 
stream static pressure. Since the measured base pressures were about 
the same as the test-section static pressure for angles of attack to 
about 8O, the wooden block apparently was effective in producing approx- 
imately constant pressures across the base of the model. Base-pressure 
measurements for several of the configurations were found to be inaccurate 
because of instrument failure. The axial-force coefficients for these 
configurations were corrected by using base pressures measured for con- 
figurations having the ssme wing located the ssme distance from the base. 

The probable errors in the force and mcment data for small angles 
of attack and sideslip are considerably larger for the body configura- 
tions without wings than for the b@y-wing configurations because the 
strain-gage balance was not-able to measure very small loads with suf- 
ficient accuracy. Small increments of forces and mauents could be 
accurately measured in higher load ranges. Zero shifts and randcen 
instrument errors were about the same for all confi@;urations. C~ari- 
son of tests made with and without the wooden block for the configura- 
tion with large delta wings, no afterbody, and 2/d = 10 indicated 
negligible effects of the block on the forces and mcanents. 

Estimated probable errors in the force and moment data based on the 
repeatibility of the results, zero shift, calibration, and randan instru- 
ment errors are as follows: 

cN .............................. 20.0565 
CA ............................ ..f0.0058 3 
c, .............................. ko.og30 
(2% .............................. m.0037 
Cn.. ............................ fl.0923 
cy .............................. s.0580 

The angles of attack at zero sideslip and sideslip angles at zero 
angle of attack sxe estimated to be correct within kO.1'. For ca&ined 
angles of attack and sideslip the angles are correct within ti.2'. 

NACA RM L5i'Dlg 
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PRESIZNTATION OF RESULTS 

The data are presented in figures 4 to 46. The effects of delta 
and rectsngulsr wings on the aerodynamic characteristics in pitch and 
in sides11 at vsrious angles of attack with various cylindrical titer- 
bodies (2 d P =lO) are found in figures 4 to 21. Figures 22 to 30 present 
the effects of forebody length on the aerodynamic characteristics in 
pitch and in sideslip for bodies with various cylindrical afterbodies 
with and without the large delta wing at various sngles of attack (2/d 
vsries). The effects of various boattailed and flared sfterbodies with 
large delta wings on the aerodynamic characteristics in pitch and in 
sideslip at various angles of attack are presented in figures 31to 39 
(2/d = 10). The effects of the various special nose shapes on the aero- 
dynsmic characteristics in pitch and in sideslip at various angles of 
attack with no afterbody snd with large delta wings are presented in 
figures 4C,to 45 (2/d varies). The effects of spoiler deflection on a 
configuration with l-caliber cylindrical afterbody and large delta wings 
(F7WlAl) on the aerodynamic characteristics in pitch and in sideslip at 
zero angles of attack are presented in figure 46 (2/d = 10). 

The axial-force coefficients for the following configurations were 
corrected for base pressures fran similsr configurations as described in 
the preceding section: 

Configurations Figure 
FIWIAC, F7WlA0, FgWIAO .... ., ................ 
FIWIAl, FgWIAl ......................... 

g 

F7Wl$, F8Wl&, FgWIAS ..................... 24 
F2WlA0 ............................. 40 

No axial-force coefficients have been presented for configurations 

F7wlA3 and F7wlA6. The measured base pressures were not accurate and 
no base pressures for similar configurations were available. 

CONCLUDING RZMABKS 

An investigation was made in the Langley 4- by 4-foot supmsonic 
pressure tunnel to determine the aerodynsmic chsracteristics on a con- 
figuration with various combinations of forebodies, afterbodies, nose 
shapes, snd wings with low aspect ratio. Six-ccqpanent force and manent 
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data were obtained for combined angles of attack end sideslip to about 
28O. No analysis of the data has been made in this report. 

l 

Langley Aeronautical Laboratory, 
National Advisory Comnittee for Aeronautics, 

Langley Field, Va., April 3, 197. 
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ccmbinations 

TAHLE I.- fZEMEZRIC C!HAFU!mImCS OF MODEZS - Concluded. 

LwW, 
in. 

lkz!ngm-aismetel 
ratio 

Center-of-gravity 
location frail 
base, calibers 

24.00 8 4.33 
27.00 9 4.33 
27.00 9 5.33 
30.00 10 4.33 
Wo.~ 10 5.33 
30.00 10 6.33 
33.00 11 4.33 
33.00 11 5.33 
33.00 u 6.33 
36.00 I.2 5.33 
36.00 I.2 6.33 
39.00 13 6.33 
8.36 7.78 4.33 
26.36 8.78 4.33 
26.36 8.78 4.33 
22.12 7.37 4.33 
22.12 7.37 4.33 

Cexlter-ofqavit;y 
location frcm 
nose, x/l 

0.459 
-519 
,408 
,567 
.467 
,367 
.606 
0515 

l P 
-556 
-473 
.5u 
A43 
*To7 
97 
.4l2 
.4l2 

Alternate 
sfterbodies 

used 

None 
None 
NODE 

NOIE 

A3 or % 
R4, A5’ p?’ 43 

None 
None 
NOlE 
NOlX3 

None 
None 
None 
None 
None 
None 
NOne 

I , 
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f?dCltive wind 

P/ -.---- 

- A 

, 

c 

Figure l.- Axis systems. Arrows hdicate positive directions of forces, 
moments , and angles. 



--- C.Q.-i,, - --- 

17.00 Tyy 4.A 
--- - - J.&l I 100 

(a) Details of typical configuration, F$&&. 

Figure 2.- Details of models. AU dinsensions are in inches except a6 no-tea. 

. I . . 
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- - - 
F9 

(b) Forebodies with 3.5-caliber-ogive cylinders and with constant rear 
diameter of 3.00 inches. 

Figure 2.- Continued. 
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.$ 

40 -’ 

-gm’2 1 
-412 -+-5.00-j 

I --- - Wire screen on FYJ 
F2 and F3 

(c) Special nose shapes. 

Figure 2.- Continued. 



No afterbody 

-6.00 -{ 

A3 A3 A4 A4 A5 A5 

. 

- - 

r 

(d) Afterbodies. (All afterbodies are bodies of revolution.) 

Figure 2.- Continued. 



F7Ao 

F 43 A 9 

5 Al 

\,, 
Fe Al 

F7A2 

110 
5 *2 F9A2 

. c 

(e) Pusehge cOmbinationa. (AU~conflguratiOm Include balance BBC- 
tion wo. &e FlAl and figs. 2(b) and 2(a) for aetails.) 

Figure 2.” continued. 

. . 
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Delta wing series 

/-‘3-oo1 
I w4-\ 

-wvL ------- 
-..LxY~IL.-%-------~~-- 

-----_------------ 
M---m- ----- 

Rectangular wing series 

(f) Details of wings. 

Figure 2.- Continued. 
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. 
500 ,188 -J+ ) -It- 

,500 
- - 

f 

Typical wing section A-A 

(g) Details of spoilers. 

Figure 2.- Concluded. -. 

. 
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(a) Typical delta-wing configuration. 

Figure 3.- Models used in investigation. 

L-94318 
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I 
.-g 

. 

(b) Ty-pical rectangular-wing configuration. L-94317 
Figure 3.- Continued. 

, 

. 
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L-94320 
(c) Ogive cylh¶ers and 2-caliber boattailed and flared afterbodies. 

Figure 3.- Continued. 



(d) Rounded ogive and tripod noses. 

Figure 3.- Concluded. 
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Cm 

. 

. 

CN 

. 

CA 

L-8 -4 0 4 8 12 16 20 24 28 32 

a1 WI 

Figure 4.- Effects of delta wings on aerodynamic characteristics in 
pitch. No afterbody; Z/d = 10. 
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. 

Figure 5.- Effects of delta wings on aerodynamic characteristics in 
pitch. One-caliber cylindrical. afterbody; l/d = 10. 
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C 

. 
. 

Figure 6.- Effects of delta wings on aerodynamic characteristics in 
pitch. Two-caliber cyUndrica1 afterbody; Z/d = 10. 
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Cn 

CY 

0 

-I 

, 
. 

LL 
-6 4 8 12 16 20 24 28 32 

A &Q 

(a) O". CC= 

Figure 7.- Effects of delta wings on aerodynsmic characteristics in side- 
slip. No afterbody; 2/d = 10. 
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Cn 

CY 

27 

.- -0 -4 0 4 12 16 20 24 28 32 

I% &Q 

b) a - 4.1°. 

Figure 7.- Continued. 
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Cn 

CY 

8, c&l 

(4 a = 8.2'. 

Figure 7.- Continued. 
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0810 
q 8 2 0 
0830 
* 8 0 0 

28 32 

A deg 

(d) a = l2.3O. 

Figure 7.- Continued. 
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Cn 

CY 

-4 0 4 8 I2 16 20 24 26 32 

BP c&i 

(e) a fi: 16.4’. . 

Figure 7.- Continued. 
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Cn 

c2 

CY 

12 

0 

4 

0 

-4 

I 

0 

-I 

2 

0 

-2 

-4 

-6 

-8 

31 

.8 -4 0 4 8 12 16 20 24 28 

P, deg 

w a = 20.5O. 

Figure 7.- Continued. 
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. 

Cn 

I 

0 

-I 

CY 

-8 -4 0 4 8 12 16 . 20 

(g) a - 24.70. 

Figure 7.- Concluded. - 
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24 

2c 

16 

12 
CIl 

8 

4 

0 

-4 

I 

c, 0 

-I 

2 

C 

-2 

-4 
CY 

-6 

-8 

.- 
-8 -4 0 4 8 12 16 20 24 28 

B, deg 

33 

(a) O". oL= 

Figure 8.- Effects of delta wings on aerodynamic characteristics in side- 
slip. One-caliber cylindrical afterbody; 2/d = 10. 
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b) a - 4.1°. 

Figure 8.- Continued. 
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(4 a = 8.2’. 

Figure 8.- Continued. 

l 
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Ctl 

CY 

BP %I 

(d) a = l2.3O. 

Figure 8.- Continued. 
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16 

Cn 8 

0 

-4 

2 

0 

4 

CY 
-6 

-8 

-10 

-12 

B, de!3 

(4 a = 16.4O. 

Figure 8.- Continued. 
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Cn 

CY 

(f) a = 20.5~. 

Figure 8.- Continued. 

. 

. 
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Cn 

4 8 12 16 20 

8, deg 

k> a = 24.7'. 

Figure 8.- Concluded. 
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(a) 0'. a= 
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Figure 9.- Effects of delta wings on aerodynamic characteristics in side- 
slip. Two-caliber cylindrical afterbody; 2/d = 10. 
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. 

c 

b) a = 4.1°. 

Figure 9.- Continued. 

41 
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Ps deg 

(4 a = 8.2'. 

Figure 9.- Continued. 
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PI deg 

(d> a = 12.3’. 

Figure 9.- Continued. 
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Cn 

cz 

CY 

.- 
-8 -4 0 4 8 12 16 20 24 28 32 

P, de'e 

(4 a = 16.4O. 

Figure 9.0 Continued. 
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Cn 

CY 

(f) a = 20.5’. 

Figure 9.- Continued. 



46 NACA RM L5plg 

0 4 8 I2 I6 20 

8, deg 

(id a = 24.70. 
-. 

Figure 9.- Concluded. 



Cm 

8, deg 

(a) Body alone, FsWcjq3. 

Figure lO.- Variation of C, and CN with p for various angles of attack. Delta-tin@; series; 
no afterbody; 2/d J 10. 
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-4 

Cm 
-e 

6 

CN 
4 

-z ,8 4 0 4 8 I8 20 24 28 32 

A deg 

(b) Large delta wing, F$WlA,- 

Figure LO.- Continued. 

,8 4 0 4 8 I2 I8 20 24 28 32 

A deg 

(b) Large delta wing, F$WlA,- 

Figure LO.- Continued. 

. 
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Cm 

CN 

0 

6 

% -4 0 4 a 12 16 20 24 26 32 

6, deg 

(c) Medium delta wing, F8Wp10. 

Figure lo.- Continued. 
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-4 

6 

4 

4 0 12 16 20 24 26 32 

8, deg 

(a) small delta WFng, FgW&. 

Figure lo.- Concludea. 

+ , ‘. L 



CN 

(a) Body alone, F7W0A1. 

Figure ll.- Variation of C, and ti with j3 for various angles of attack. Delta-w3ag series; 
l-caliber cylindrical afterbody; Z/d = 10. 
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CN 

3 24 28 32 
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(b) Iarge delta wing, F7Wl&. 

Figure XL.- Continued. 



-6 

a -42 

6 

-2 
-a -4 0 4 a 12 16 20 24 28 32 

8, da 

(c) Medium delta wing, F7W+,,. 

Figure u.- c0dhiea. 



CN 

8, deg 

(a) hldil adta wing, F7W3A1. 

Figure Ill.- Concluded. 

, 



4 

0 

-4 

-a 

CN 

Gil 

(a) Bcdy alone, FlW0A2. 

Figure l2.- Variation of C, and CN with f3 for various angles of attack. Delta-wing series; 
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Figure 20.- Variation of C, and CN with j3 for various angles of 
attack. Rectangular wings; lmcaliber cylindrical afterbody; Z/d = 10. 
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Figure 2l.- Variation of C, and CN with @ for various angles of 
attack. Rectangular Wings; 2-caliber cylindrical afterbody; 2/d = 10. 
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Figure 31.- Effects of l-caliber boattail(A3) and l-caliber flare 
(4) afterbodies on aerodynamic chtiacteristics in pitch. Large 
delta wings; Z/d = 10. 
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Figure 32.- Effects of e-caliber cylinder-boattail(A4) and 2-caliber 
cylinder-flare (AT) afterbodies on aerodynamic characteristics in 
pitch. Large delta wings; 2/d = 10. 
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Figure 35.- Effects of 2-caliber cylinder-boattail (4) and 2-caliber 
cylinder-flme (Ag) afterbodies on aerodynmic characteristics in 
sideslip. Large delta wings; 2/d = 10. 
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Figure 37.- Variation of C, and CN with $ far various angles of attack. One-caliber bmt- 
tail (A3) and 1-caliber flare (4) afterbodies; large delta wings; z/a = 10. 
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boattail (4) and 2-caUber cylinder-flare (AT) tierbodies; large delta Kings; 2/d = 10. 
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Figure 39.- Variation of C, and CN with !Zl for various anglee 19 attack. Two-caliber boat- 
tall(%) and 2-caliber flare (4) afterbotie.ea; large delta wings; 2/d = 10. 
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(c) Large delta wing, FIWl%. 

Figure 39.- Continued. 
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Figure 39.- Concluded. 
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Y Figure b-O.- Aerodynamic characteristics in pitch of tripod nose configu- 
ration with screen (F3) and without screen(F2). No afterbody; large 
delta wings. 
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Figure 41.- Aerodynmic characteristics in pI.tch of rounded nose configu- 
ration (FIJ) with spike (F4) and with slotted-cone (F6). No af'terbody; 
large delta wings. 
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sideslIp of tripod nose con- 
screen (Fe). No afterbody; 
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Figure 42.- Continued. 
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Figure 42.- Continued. 
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Figure 42.- Continued. 
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Figure 42.- Continued. 
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Figure 42.- Continued. 
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Figure 42.- Concluded. 
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Figure 43.- Aerodynamic characteristics in sideslip of rounded-nose con- 
figuration (F5) with sp- (F4) and with slotted cone (F6). No after- 
body; large delta wings. 
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Figure 43.- Continued. 
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Figure 43.- Continued. 
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Figure 43.- Continued. 
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Figure 43.- Continued. 
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Figure 44.- Variation of C, and CN with j3 for various angles of 
attack. Tripod-nose configurations; no afterbodies; large delta 
wings. 
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Figure 44.- Concluded. 
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Figure 45.- Variation of C, and CN with p for various angle 
attack. Rounded-ogive nose; no afterbody; large delta wings. 
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Figure 45.- Continued. 
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Figure 45.- Concluded. 
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(a) The variation of G, CA, and CN with OL. a = 0'. 

Figure 46.1 Effects of spoiler deflection on aemdynamic characteristics 
( qw1) l 

One-caliber afterbody; large delta wings; Z/d = 10. 
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Figure 46.- Continued. 
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